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Stem cells -an abridged history
Stem cells can be loosely classified into three broad categories based on their time of isolation during ontogenesis: embryonic, fetal and adult. In this section they will be discussed not in order of their appearance in the organism, but arranged chronologically by date of initial isolation and characterization. The first stem cell population was identified in adult mouse bone marrow by McCulloch and Till in the early 1960s. Pioneering work on these colony forming unit-spleen cells, later termed hematopoietic stem cells (HSCs), established the two functional properties of a stem cell population: self-renewal and multipotency. HSCs divide readily in culture and give rise to progeny that retain the colony-forming properties of the parental cells, evidence of self-renewal. Progeny of HSCs differentiate into multiple specialized cell types, including erythrocytes granulocytes and megakaryocytes, fulfilling the criteria of multipotency
. These [4, 5] . If [6] [7] [8] . However, the generation and characterization of ESC lines from the blastocysts of mice and humans did not occur until the early 1980s and late 1990s, respectively [9, 10] . [11, 12] (Fig. 1) . The relative potency of these stem cell populations needs to be fully determined, and further investigation is ongoing. [25, 26] . This is consistent with the emerging concept that stem cell populations exist in a multidifferentiated state. In the most comprehensive [33] . This is significantly greater than the number of [34, 35] . In vitro, the cells were capable of differentiation to multiple mesodermal cell types, including fat, bone and skeletal muscle [36, 37] . More surprisingly, defined in vitro treatments favored differentiation to putative cardiomyocytes and neurons [34, 37] . Generation of clinically important dopaminergic neurons has also been reported [38] .
Subsequent studies have shown ESCs to fulfill the criteria of a stem cell population as first proposed by McCulloch and Till. ESCs divide indefinitely in culture (self-renewal) while maintaining their capacity for extensive in vitro and in vivo differentiation (pluripotency). Isolation from the earliest stages of development has endowed ESCs with the plasticity to differentiate to derivatives of all germ layers, including clinically important cell types such as dopaminergic neurons and pancreatic beta-cells
Fetal stem cells
In a more recent study, Karahuseyinoglu et [42] . [44] (Fig. 4) [45] . Such bioengineering approaches are [46] . [49] [50] [51] . In addition, AECs secrete a number of immunosuppressive factors that target the innate and adaptive immune systems, which may support survival following transplantation [52, 53] . Consistent with these observations, donor AECs 
arrowhead). (C'): No metachromasia was noted in irregular masses of non-induced cells. (D): In azan-stained cell masses, collagen fibers were clearly distinguished (arrowheads) among many chondrocytes (nuclei in pale red
In vitro differentiation of PDSCs is not limited to osteoblasts and adipocytes. Differentiation to mesodermal chondrocyte-like, myocyte-like and ectodermal neuron-like derivatives has been reported [43]. More recently, differentiation to endodermal hepatocyte-like cells has been achieved in vitro
Functional properties of mature hepatocytes were also present in the differentiated cells, including internalization of low-density lipoprotein (LDL)
Fig. 4 Low-density lipoprotein (LDL) uptake by placenta-derived multipotent cell (PDMC)-derived hepatocyte-like cells. Undifferentiated cells (A) and PDMCs cultured on poly-L-lysine-coated dishes with hepatocyte growth factor (HGF) and fibroblast growth factor-4 (FGF-4) for 14 days (B) were incubated with Dil-acil-LDL. The labeled cells were counterstained with 4',6-diamino-2-phenylindole and photographed by fluorescence microscopy (magnification x200). Periodic acid-Schiff (PAS) staining of undifferentiated and differentiated PDMCs. PDMCs were cultured on poly-L-lysine-coated dishes with HGF and FGF-4 for 14 days. PAS staining was described in Materials and methods. (C) Undifferentiated PDMCs. (D) PDMC-derived hepatocyte-like cells (magnification x100). Reprinted with permission Stem Cells
Amniotic membrane
The amniotic membrane or amnion, delineates the gestational sac, a highly resilient, transparent, fluidfilled cavity that encompasses a developing fetus during gestation. This structure is generated very early in development and is one of the first recognizable tissues derived from the epiblast. The amnion is an avas-
